We have observed the 12 CO J=2-1, 13 CO J=2-1, and 12 CO J=3-2 lines in a sample of seven giant molecular clouds in the Local Group spiral galaxy M33 using the James Clerk Maxwell Telescope. The 12 CO/ 13 CO J=2-1 line ratio is constant across the entire sample, while the observed 12 CO J=3-2/J=2-1 line ratio has a weak dependence on the star formation environment of the cloud, with large changes in the line ratio seen only for clouds in the immediate vicinity of an extremely luminous HII region. A large velocity gradient analysis indicates that clouds without HII regions have temperatures of 10-20 K, clouds with HII regions have temperatures of 15-100 K, and the cloud in the giant HII region has a temperature of at least 100 K. Interestingly, the giant HII region appears capable of raising the kinetic temperature of the molecular gas only for clouds that are quite nearby (< 100 pc). The continuous change of physical conditions across the observed range of star formation environments suggests that the unusual physical conditions in the cloud in the giant HII region are due to post-star formation changes in the molecular gas, rather than intrinsic properties of the gas related to the formation of the giant HII region. The results from this study of M33 suggest that similar observations of ensembles of giant molecular clouds in more distant normal spiral galaxies are likely to
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Introduction
Determining the physical conditions inside molecular clouds is important for understanding the link between the properties of the molecular gas and the types and amount of stars that are formed. Cloud properties that could affect the star formation process include the temperature and density of the molecular gas, as well as the mass fraction in high density gas. For example, higher gas temperatures might be required to form high-mass stars (Turner 1984) , while a cloud with a higher mass fraction of dense gas might form stars with a higher efficiency (e.g. Lada et al. 1991) . In return, star formation, particularly massive star formation, can affect conditions inside molecular clouds by compressing the gas at the boundaries of stellar wind or supernova shocks and heating the gas by increasing the ultraviolet radiation field. Giant HII regions are particularly interesting targets because they concentrate many hundreds of OB stars in a relatively small volume of space and represent the only nearby prototypes for the extreme star formation conditions in starburst and ultraluminous galaxies.
In our own Galaxy, observations of low-luminosity HII regions suggest that single high-mass stars can form from relatively low-mass molecular clouds (Hunter & Massey 1990) . Observations of several nearby giant molecular clouds show significant differences in the spatial distribution of star formation. In the Taurus-Auriga region, star formation occurs throughout the cloud as single stars or in small clusters (Kenyon et al. 1990 ), while Orion B has most of its star formation occurring in four massive dense cores , and Orion A and Ophiuchus are each forming most of their stars in a single dense cluster (McCaughrean & Stauffer 1994 , Wilking, Lada, & Young 1989 . Despite the differences in the spatial distribution of the young stars, the star formation efficiency is 1-4% for all four regions . Interestingly, the star formation efficiency in two giant HII regions in M33 is also in the range of 2-5% (Wilson & Matthews 1995) .
The clumpy structure of molecular clouds (e.g. Stutzki & Güsten 1990 ) implies that the volume-averaged density of a cloud is not a good measure of the density of the molecular gas producing most of the observed emission. For extragalactic molecular clouds, their low and usually unknown filling factor within the beam also implies that the kinetic temperature cannot be estimated from the peak brightness temperature of the observed line. Instead, the density and temperature must be determined using radiative transfer models and observations of many line ratios of CO and its isotopomers. Because this technique requires observations of some of the rarer isotopomers such as 13 CO, it was first applied to starburst galaxies with strong CO lines (e.g. Tilanus et al. 1991 , Güsten et al. 1993 . However, one difficulty with even the nearest starburst galaxies is that the observations measure the emission from many molecular clouds within a single beam. For example, at a distance of 3 Mpc, a 20 ′′ beam subtends a diameter of 290 pc, which is much larger than the 10-100 pc diameter of giant molecular clouds in the Milky Way (Sanders, Scoville, & Solomon 1985) . If the physical conditions in molecular clouds vary significantly from one cloud to the next, the results of fitting the average line emission may bear little resemblance to even the average properties of the molecular cloud ensemble.
Local Group galaxies offer an advantage for such studies because they are close enough (50 kpc -1 Mpc) that it is possible to isolate individual molecular clouds within a 15-20 ′′ beam. In addition, individual clouds can cover a substantial fraction of the beam and thus the CO lines are reasonably strong. Observations of a large sample of individual clouds can identify variations in the density and temperature from one cloud to the next, as well as correlations in cloud properties with the presence and intensity of massive star formation. The uniformity (or lack thereof) of the molecular cloud population also provides a means to test the reliability of radiative transfer techniques for determining density and temperature in more distant galaxies, where only the average emission from the molecular cloud population can be observed. In addition, density and temperature measurements for individual clouds can be used to assess whether changes in the density and brightness temperature of the gas are likely to produce systematic errors in the observed correlation of the CO-to-H 2 conversion factor with metallicity (Wilson 1995 , Dickman, Snell, & Schloerb 1986 , Sakamoto 1996 .
In this paper we present observations of seven giant molecular clouds in the spiral galaxy M33. The clouds were chosen to cover a wide variety of star formation conditions, from clouds with no optical HII regions to a cloud located in the brightest giant HII region in the galaxy. The clouds also cover a range of three in oxygen abundance (Vilchez et al. 1988 ). The observations and data reduction are discussed in §2. The observed line ratios are compared with previous Galactic and extragalactic observations and with the star formation environment of the clouds in §3. The density and temperature obtained from an analysis of the line ratios with a large velocity gradient code are presented in §4. The implications of the results for observations of more distant galaxies and the calibration of the CO-to-H 2 conversion factor as a function of metallicity are discussed in §5. The paper is summarized in §6.
Observations and Data Reduction
Seven giant molecular clouds in M33 were observed with the James Clerk Maxwell Wilson & Scoville (1990 and have also been observed in the 12 CO and 13 CO J=1-0 lines with 55 ′′ resolution (Wilson & Walker 1994 ′′ ), the T * R scale corrects for all telescope efficiencies except the source-beam coupling efficiency, which should be the same at all frequencies since we have observed the emission with the same beam at each frequency. However, to convert the observed temperatures T * A to T * R requires knowing η f ss , the forward scattering and spillover efficiency. This efficiency is difficult to measure, and so we did not attempt to measure η f ss during our observing runs. As a result, we do not know how to correct the published values of η f ss for the calibration problems encountered in the 1994 run. However, we do have good measurements of the main beam efficiency for each run and under normal calibration conditions, adopting the main beam temperature scale would only change the 12 CO J=3-2/J=2-1 line ratios by 5% compared to the T * R scale. Thus we use the main beam temperature scale throughout this paper, and in particular in calculating the line ratios for comparison with radiative transfer models.
Given the angular size of the M33 molecular clouds (5-16 ′′ ), the main beam temperature,
, is a better approximation to the brightness or radiation temperature, T R , than is the antenna temperature, T * A . The three temperature scales are related by
where η c is the source-beam coupling factor, η f ss is the forward scattering and spillover efficiency, and η M B is the main beam efficiency. We can estimate η c for the M33 clouds since they have been observed at high resolution (Wilson & Scoville 1990 . For the 230 GHz observations, η c > 0.9, while η f ss = 0.80 and η M B = 0.69, so that
At 345 GHz, η c > 0.8, while η f ss = 0.70 and η M B = 0.58, so that
We use the main beam temperature scale throughout this paper, and in particular in calculating the line ratios for comparison with radiative transfer models.
The data were reduced using the Bell Labs data reduction package COMB. The data were binned to a resolution of 1 km s −1 and first to third order baselines removed. The Table 2 .
CO Line Ratios and the Star Formation Environment
The 12 CO/ 13 CO J=2-1 line ratios given in Table 2 have an average value of 7.3 and an rms dispersion of 1.3 (18%). Thus we conclude that there is no intrinsic variation in the 12 CO/ 13 CO J=2-1 line ratio from one cloud to another in M33. This average line ratio compares quite well with values measured in other galaxies such as M51 (6-10 in center and spiral arms, Garcia-Burillo, Guelin, & Cernicharo 1993) and NGC 4414 (9 ± 1, Braine, Combes, & van Driel 1993) . The value in M33 also agrees quite well with the value measured in a pencil-beam survey of the Milky Way (5.5 ± 1, Sanders et al. 1993) and in large-area maps of the Orion A and B molecular clouds (4-6 along the main ridge, Sakamoto et al. 1994) . The M33 value is slightly smaller than the value measured in the starburst galaxy M82 (12 ± 3, Tilanus et al. 1991) and in a large sample of starburst and interacting galaxies (13 ± 5, Aalto et al. 1995) . Previous measurements have indicated that the 12 CO/ 13 CO J=1-0 line ratio is also somewhat larger in starburst and merging galaxies compared with other galaxies (Becker & Freudling 1991; Aalto et al. 1991; Combes et al. 1991; Casoli et al. 1991) .
The 12 CO J=3-2/J=2-1 line ratios given in Table 2 show more scatter. In particular, the line ratio obtained for NGC 604-2 (1.07 ± 0.03 is significantly higher than the value for any other cloud. Excluding NGC 604-2, the average 12 CO J=3-2/J=2-1 line ratio is 0.69 The clouds observed in M33 have oxygen abundances that range over a factor of three (Vilchez et al. 1988 ). If we momentarily ignore the unusually high 12 CO J=3-2/2-1 line ratio in NGC 604-2, there is no evidence that the observed line ratios depend on the metallicity of the cloud. In particular, the two line ratios for MC 19 and NGC 604-4 are very similar despite a factor of three difference in the oxygen abundance (Table 2) . NGC 604-2 and NGC 604-4 are located within 120 pc of each other and presumably share the same oxygen abundance, so we attribute the difference in the 12 CO J=3-2/2-1 line ratios for these two clouds to some factor other than metallicity, most likely the star formation environment.
If we examine the star formation environments of our cloud sample, two of the clouds The high 12 CO J=3-2/J=2-1 line ratio in NGC 604-2 may be a clue to unusual physical conditions in the molecular clouds from which the HII region NGC 604 formed, i.e. a pre-star formation difference in the physical conditions that may have caused the formation of the giant HII region. Alternatively, the high line ratio may be due to heating of the gas by the massive stars, i.e. a post-star formation change in the physical conditions in the molecular cloud. This interpretation implies that the giant HII region has a relatively small sphere of influence over which its intense radiation field can change the properties of the dense molecular gas. It appears that both an unusually intense radiation field and a cloud in close proximity to the source of the ionizing radiation are required to produce a large change in the CO line ratios. However, the 12 CO J=3-2/J=2-1 line ratios observed for the clouds with optical HII regions are higher than those for clouds without HII regions at the 2σ level. This difference suggests that HII regions that are more than an order of magnitude less luminous than NGC 604 can produce smaller changes in the CO line ratios.
Thus the data for M33 provide some evidence for a continuous change of line ratio with increasing intensity in the star formation environment.
One complication to this interpretation is that the optical HII regions could in principle be separated from the molecular cloud by up to the scale height of the disk (∼ 200 pc) and simply appear projected on the cloud. However, the fact that most HII regions appear close to molecular clouds (Wilson & Scoville 1991) suggests that there is a true physical association between the clouds and the HII regions. Also, the three clouds without optical HII regions could actually be forming stars, since the clouds have sufficient optical depths to hide an HII region if it were located on the far side of the cloud. However, since the 12 CO lines are optically thick for these clouds, we can only see emission from the near and presumably cool side of the cloud and so whether or not the clouds have an HII region on their far side is irrelevant to this analysis. The increasing line ratio with increasing HII region luminosity is consistent with a picture in which the ultraviolet radiation field of the optically visible HII region heats the molecular gas. We conclude that the 12 CO J=3-2/J=2-1 line ratio of a cloud has a weak dependence on the star formation environment of the cloud, with large changes in the line ratio seen only for clouds in the immediate vicinity of an extremely luminous HII region. approach is to assume that the velocity field is microturbulent. In microturbulent radiative transfer models, the velocity structure is due to thermal motions and small-scale random motions (White 1977) . Unlike the LVG case, neighboring cloud components are radiatively coupled, with the degree to which they are coupled depending on the magnitude of the random motions and the amount of resonance scattering. A fourth possibility is to use a photon mean escape probability formalism to simplify radiative transfer calculations. In this approach, level populations and the internal intensity are calculated for an "average" location in a uniform, spherical cloud, with the photon escape probability from this position being determined by the optical depth (Black & Aalto 1991, private communication) .
These latter three non-LTE techniques often yield similar results when applied to galactic molecular clouds (White 1977 ) and thus we have chosen to use the LVG formalism in this analysis.
To estimate the physical conditions in the molecular clouds in M33, we used the large velocity gradient code RAD written by Lee Mundy and implemented as part of the MIRIAD data reduction package. Models were run for kinetic temperatures One drawback of both the LTE and non-LTE techniques described here is that they do not take into account the effects of cloud-cloud shielding. Cloud-cloud shielding occurs when two or more molecular clouds are aligned along our line of sight in both space and velocity.
In this case the radiation from the background cloud(s) may be fully or partially absorbed by the foreground cloud. When a pair of isotopes, such as 12 CO and 13 CO, are being used to probe the optical depth along a line of sight through a galaxy, cloud-cloud shielding will tend to produce overestimates of the optical depth in individual clouds. Optical depth estimates through the ensemble of clouds are only affected by cloud-cloud shielding when the rarer isotope (e.g. 13 CO) becomes optically thick and so does not sample all the clouds along the line of sight. Cloud-cloud shielding is unlikely to be a significant problem in M33, which has a relatively low molecular gas surface density and is not highly inclined.
Model Results for M33 Molecular Clouds
To provide better constraints for the models, we include the 12 CO/ 13 CO J=1-0 line ratio observed for these clouds in a 55 ′′ beam (Wilson & Walker 1994) . (The possibility that the larger beam size of the J=1-0 data can produce systematic errors in our results is discussed later in this section.) Although both the NGC 604 clouds were observed within a single beam, we can use their significantly different central velocities to isolate the line ratio for each cloud. The average 12 CO/ 13 CO J=1-0 line ratio for the seven clouds is 9.7 ± 0.6
with an rms dispersion of 1.5 or 15%. We combine this average J=1-0 line ratio with the average J=2-1 line ratio in our modeling. Since there appears to be a trend in the 12 CO J=3-2/J=2-1 line ratio with star formation environment, we used four values of this line ratio in our analysis: the average value for all six clouds (0.69 ± 0.06); the average value for clouds without HII regions (0.58 ± 0.06); the average value for clouds with HII regions (0.79 ± 0.05); and the value for NGC 604-2 (1.07 ± 0.16), where the total uncertainty in the line ratio for NGC 604-2 has been estimated at 15% to match the expected calibration uncertainty in the line ratio.
Acceptable solutions for each set of three line ratios ( 12 CO/ 13 CO J=1-0, 12 CO/ 13 CO J=2-1, and 12 CO J=3-2/J=2-1) were found by visual inspection of plots of the line ratios as a function of density and column density at each kinetic temperature. Acceptable solutions were defined to be ones for which all three line ratios agreed within their 1σ uncertainties.
Examples of representative solutions are given in Figure 2 and the full range of solutions is given in The results from the LVG analysis show that the kinetic temperature increases from clouds without HII regions (T K = 10 − 20 K) to clouds with HII regions (T K = 15 − 100 K) to NGC 604-2 (T K ≥ 100 K). The column density also increases by at least an order of magnitude from clouds without HII regions to NGC 604-2. The molecular gas in all seven clouds is quite dense (10 3 − 3 × 10 4 cm −3 ), although the density is lower in NGC 604-2 than in the clouds without HII regions. Thus an increase in the 12 CO J=3-2/J=2-1 line ratio produces LVG solutions with higher kinetic temperatures, higher column densities, and lower densities. The volume-averaged densities (mass divided by volume) are 40-210 cm
for the three clouds without HII regions and ∼ 200 − 400 cm −3 for the three clouds with HII regions (calculated from Wilson & Scoville 1990 , significantly lower than the densities derived from the LVG analysis (5 × 10 3 − 3 × 10 4 cm −3 and 2 × 10 3 − 10 4 cm −3 , respectively). The volume filling factor of the dense gas is 0.1 − 4% for clouds without HII regions and ∼ 2 − 20% for clouds with HII regions. For NGC 604-2 the volume-averaged density is somewhat higher, ∼ 500 cm −3 , which combined with the somewhat lower density from the LVG model of 10 3 − 3 × 10 3 cm −3 gives a filling factor for the dense gas of 17-50%.
These results compare well with the volume filling factor of 10% for clumps in Orion (Sakamoto et al. 1994) .
Are the unusual physical conditions in NGC 604-2 due to the presence of the giant HII region, or do they represent pristine conditions in the molecular gas that could have played a role in initiating the formation of the giant HII regions? An increase in the kinetic temperature of the gas could be easily accomplished by the intense ultraviolet radiation field produced by the dense cluster of OB stars powering the giant HII region. The gas column density could be increased through shock-initiated merging of two or more molecular clouds or through a partial collapse of the molecular cloud due to an increase in the external gas pressure. However, the molecular column density could also be decreased through photo-dissociation of the molecular gas and thus it is difficult to predict the net effect on the column density from the formation of the giant HII region. It is difficult to understand how the formation of the giant HII region could have produced the higher filling factor and lower density of the dense clumps in the molecular cloud. One possible scenario would be that the formation of the dense star cluster depleted the gas in the densest clumps, leaving behind the lower density inter-clump gas. This gas could then be compressed to somewhat higher density as the cloud shrank due to the increased external gas pressure. In any case, the continuous range of all physical conditions (kinetic temperature, column density, density, and filling factor) observed from clouds without HII regions to clouds with normal HII regions to this cloud in a giant HII region suggests that the different physical conditions in NGC 604-2 are due to post-star formation changes in the molecular gas, rather than intrinsic conditions of the pre-star formation molecular cloud. Figure 3 ). This result can be easily understood as being due to the low optical depth of the 13 CO emission and the high optical depth of the 12 CO emission. As long as the 13 CO column density is fixed, the observed line ratios will be the same for a large range in the (Table 3 ). The mean value for each parameter derived using the average line ratio is within a factor of two of the average of the mean parameters derived for clouds with and without HII regions separately. Thus physical conditions derived by averaging together emission from clouds both with and without HII regions provide a reasonable approximation to the average physical conditions in this group of six molecular clouds.
Possible Sources of Systematic Errors
There an additional possible solution with T K = 300 K, n = 600 cm −3 , and N( 12 CO) = 2 × 10 19 cm −2 . Much of the increased range of permitted solutions can be attributed to the larger uncertainty in the lower adopted line ratio (20%) compared with the observed line ratio (6%). On average, the effect of adopting this lower J=1-0 line ratio is to increase the kinetic temperature range for which solutions are available, to decrease the density by a factor varying from a few to more than an order of magnitude, and to increase the column density and its range.
Yet another possible difficulty is that the sizes of the clouds may be different in the different transitions. In applying the LVG analysis we have implicitly assumed that the beam filling factor is the same in each line. Recent observations of the Orion molecular cloud show that the cloud appears smaller in the 12 CO J=2-1 line than in the J=1-0 line, while the 13 CO J=2-1 line may have an even narrower extent (Sakamoto et al. 1994) . If the J=2-1 and J=3-2 emission regions have different angular extents, we would expect the J=3-2 emission to originate in the smaller region. In this case, the observed 12 CO J=3-2/J=2-1 line ratios would set only lower limits on the true line ratios, and so the true kinetic temperatures would be larger than those derived here. In this scenario, the large 12 CO J=3-2/J=2-1 line ratio in NGC 604-2 could be due to a larger ratio of the J=3-2 to J=2-1 emitting areas compared with the other clouds. These hypotheses could be tested with an imaging submillimeter interferometer such as the Smithsonian Astrophysical
Observatory's Submillimeter Array, which is presently under construction on Mauna Kea.
Another possible problem is that more than one temperature component or a smooth range of temperatures may be present in some or all of the clouds in our sample (for example, see models by Gierens, Stutzki, & Winnewisser 1992) . This is particularly true for NGC 604-2, which, depending on its three-dimensional orientation relative to the giant HII region, could be subject to intense heating on only one side. Some support for a two-component model is given by the brightness temperatures predicted by models with T K ≥ 100 K. The brightness temperature predicted for the 12 CO J=2-1 line is ≥ 60 K, which when combined with the observed peak temperature of 1.19 K gives a filling factor of only 2%. This filling factor corresponds to a source diameter of only 3 ′′ in a 
Implications for Distant Galaxies and the CO-to-H 2 Conversion Factor
The relative uniformity of the line ratios of the six molecular clouds observed in the normal disk of M33 suggests that similar observations of ensembles of molecular clouds in more distant galaxies are likely to produce meaningful measurements of the average physical conditions of the molecular gas. This conclusion is also supported by the reasonable agreement between physical conditions derived using the average line ratios for the six clouds and the average of the physical conditions derived separately for clouds with and without HII regions ( §3). The relatively small sphere of influence (∼100 pc) of the giant HII region NGC 604 suggests that in normal galaxies only the most intense star forming regions may produce significant changes in the molecular gas. The change in the line ratios is likely to be measurable only in relatively nearby galaxies (< 10 Mpc), where the warm molecular gas in the HII region is not diluted by emission from cooler gas included in the beam. It would be interesting to test whether similarly uniform line ratios are observed in individual clouds in the intense ultraviolet field of a starburst galaxy, but such observations must await the construction of an imaging submillimeter interferometer.
The CO-to-H 2 conversion factor, α, is predicted to depend on the density and brightness temperature of the molecular clouds as √ n/T B , as well as on the metallicity (Dickman et al. 1986 , Sakamoto 1996 . Observations of Local Group galaxies, including several of these clouds in M33, have been used to calibrate the dependence of the conversion factor on metallicity (Wilson 1995) . However, given the generally lower shielding by dust and higher ultraviolet radiation field in low-metallicity irregular galaxies, it is possible that molecular clouds in lower metallicity environments have systematically different brightness temperatures and densities. We can use our solutions for the physical conditions in the molecular clouds in M33 to determine the possible range in √ n/T B and to see whether systematic errors in the metallicity calibration are likely to exist.
Ignoring the possible effects of density and brightness temperature differences, Wilson K. This large range in √ n/T B is produced by the tendency of the solutions to have lower densities and higher brightness temperatures for higher kinetic temperatures. As a result, it is theoretically possible for NGC 604-4, which has a metallicity three times smaller than the other five clouds, to have √ n/T B a factor of six smaller, which would produce a significantly steeper slope (∼ −2) in the derived metallicity calibration. However, to produce this factor of six difference in √ n/ and the inner disk clouds would have to "conspire" to produce the same observed CO line ratios despite large physical differences. We conclude that the molecular clouds in M33
provide no evidence for a systematic error in the metallicity calibration of the CO-to-H 2 conversion factor due to differences in the density or brightness temperature from low to high metallicity clouds.
Conclusions
We have observed the 12 CO J=2-1, 13 CO J=2-1, and 12 CO J=3-2 lines in a sample of seven giant molecular clouds in the Local Group spiral galaxy M33. The clouds were chosen to cover a range of star formation conditions, from clouds without optical HII regions to a cloud in a giant HII region. We find that the 12 CO/ 13 CO J=2-1 line ratio is constant across the entire sample, while the 12 CO J=3-2/J=2-1 line ratio is somewhat smaller in three clouds without optical HII regions than in three clouds with HII regions. The seventh cloud, located in the brightest giant HII region in the galaxy, has an even higher 12 CO J=3-2/J=2-1 line ratio. We conclude that the 12 CO J=3-2/J=2-1 line ratio of a cloud has a weak dependence on the star formation environment of the cloud, with large changes in the line ratio seen only for clouds in the immediate vicinity of an extremely luminous HII region.
We used a large velocity gradient code to determine the density, temperature, and column density for the clouds. The analysis indicates that clouds without HII regions have temperatures in the range of 10 to 20 K and clouds with HII regions have temperatures in the range of 15 to 100 K, while the cloud in the giant HII region has a kinetic temperature of at least 100 K. We note that the giant HII region seems to have a relatively limited sphere of influence within which it can heat the molecular gas, since a molecular cloud located only 120 pc from the giant HII region shows a normal cooler temperature. The column density increases by about an order of magnitude from the cool clouds to the hot cloud, as does the volume filling factor of the dense gas, while the density decreases by less than an order of magnitude. The continuity of physical properties (kinetic temperature, density, column density, and filling factor) across the range of star formation environments in our sample suggests that the unusual physical conditions seen in the cloud in the giant HII region are due to post-star formation changes in the molecular gas, rather than intrinsic properties of the gas related to the formation of the giant HII region.
Excluding the giant HII region, the relatively uniform line ratios observed in M33
suggest that average physical conditions determined from similar measurements of ensembles of giant molecular clouds in more distant normal spiral galaxies are likely to give physically meaningful results. These uniform line ratios also imply that the average brightness temperature and density are similar in clouds ranging over a factor of three in metallicity, which in turn suggests that differences in the CO-to-H 2 conversion factor seen in these clouds can be attributed entirely to metallicity effects. 
